Background-Underrepresentation of women in heart failure clinical trials has limited conclusions regarding the effect of various management strategies on survival in women with heart failure and decreased left ventricular ejection fraction (LVEF). Methods and Results-MERIT-HF (Metoprolol Extended-Release Randomized Intervention Trial in Heart Failure) was a randomized, placebo-controlled study, the purpose of which was to evaluate the effect of metoprolol controlled-release/ extended-release (CR/XL) in 3991 patients with New York Heart Association class II to IV heart failure and LVEF Յ0.40. We performed a post hoc analysis to evaluate the effect of metoprolol CR/XL on outcome in women (nϭ898), including the outcome in 183 women with severe heart failure (New York Heart Association class III/IV and LVEF Ͻ0.25). Treatment with metoprolol CR/XL in women resulted in a 21% reduction in the primary combined end point of all-cause mortality/all-cause hospitalizations (164 versus 137 patients; Pϭ0.044). The number of cardiovascular hospitalizations was reduced by 29% (164 versus 120; Pϭ0.013), and hospitalization for worsening heart failure was reduced by 42% (95 versus 56; Pϭ0.021). Similar results were noted in the subgroup of women with severe heart failure, with a 57% reduction in cardiovascular hospitalizations (63 versus 30; Pϭ0.005) and a 72% reduction in hospitalization due to worsening heart failure (46 versus 14; Pϭ0.0004). A pooling of mortality results from MERIT-HF, the Cardiac Insufficiency Bisoprolol Study (CIBIS II), and the Carvedilol Prospective Randomized Cumulative Survival Study (COPERNICUS) showed very similar survival benefits in women and men. Conclusions-The beneficial effects of metoprolol CR/XL extend to women with heart failure, including women with clinically stable severe heart failure. (Circulation. 2002;105:1585-1591.)
R ecent randomized clinical trials have clearly established the beneficial effects of ␤-blockers in a broad spectrum of patients with heart failure (HF) and impaired left ventricular ejection fraction (LVEF). [1] [2] [3] [4] [5] This information has led to the universal recommendations by clinical guidelines to use this class of medications in all symptomatic patients with HF and impaired LVEF. 6, 7 Underrepresentation of women in these trials, however, has led to uncertainty about the effect of ␤-blockers in women, including whether their welldocumented benefits in men would extend to women. 8, 9 
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The Metoprolol CR/XL Randomized Intervention Trial in Heart Failure (MERIT-HF) provides the second-largest database of women with HF and the largest that includes treatment with a ␤-blocker. The present analysis was undertaken to assess the response of women with HF and impaired LVEF to metoprolol succinate controlled-release/extended-release (CR/XL). We also pooled mortality data for women from the 3 large trials that evaluated the effect of ␤-blockers on survival in patients with HF and impaired LVEF: MERIT-HF, the Cardiac Insufficiency Bisoprolol Study (CIBIS-II), 2,10 and the Carvedilol Prospective Randomized Cumulative Survival Study (COPERNICUS). 5 In view of the recently published data about the safety and efficacy of ␤-blockers in advanced HF, 5, 11 we also analyzed separately the effect of metoprolol CR/XL in women with severe HF as defined by New York Heart Association (NYHA) functional class III/IV with LVEF Ͻ0.25.
Methods
The MERIT-HF study randomized 3991 patients. The 2 primary outcome events were total mortality and the combined end point of all-cause mortality or all-cause hospitalization (time to first event). The results of MERIT-HF have been published previously. 3, 4 The present post hoc analysis focused on the female patients (nϭ898). Patients enrolled in MERIT-HF were 40 to 80 years of age, had LVEF Յ0.40 and were in NYHA class II to IV HF for Ն3 months before enrollment, had a heart rate Ն68 bpm, and were receiving optimum standard therapy of diuretics and an ACE inhibitor. If an ACE inhibitor was not tolerated, other vasodilators, preferably angiotensin II receptor blockers, were used. Digitalis could also be prescribed.
Other predefined combined end points (time to first event) were total mortality or hospitalization for worsening HF; cardiac death or nonfatal myocardial infarction. Predefined end points were also total number of hospitalizations for cardiovascular causes and for worsening HF; and withdrawal of study drug for any cause and for worsening HF. The follow-up procedures and statistical analysis for MERIT-HF have been described previously. 3, 4, 12 Data are provided separately for men and women for the abovementioned end points. Similar data are also reported for patients with severe HF, defined as NYHA class III/IV and LVEF Ͻ0.25.
Cox proportional regression analysis was performed to determine the effect of sex on survival independent of baseline differences. The following variables were included in the analysis: age; LVEF; NYHA class; ischemic etiology; history of myocardial infarction, hypertension, and diabetes mellitus; blood pressures; heart rate; and smoking status. In addition, an interaction between sex and the effect of metoprolol CR/XL on the other end points was analyzed.
Relative risk and 95% CIs for total mortality for women and men in CIBIS II were calculated from raw data (e-mail communication from T. Simon, MD, March 2001, and Simon et al 10 ) with EPI-INFO version 6. Pooling of total mortality data by sex and overall from CIBIS II, 2 MERIT-HF, 3 and COPERNICUS 5 was performed with a meta-analysis technique based on the 95% CIs of the relative risks in the studies.
Results
Baseline characteristics of patients by sex are presented in Table 1 . Compared with men (nϭ3093), women (nϭ898) were older, were more often in NYHA class III and IV, less often were classified as previous or current smokers, had similar LVEF, and had a higher prevalence of hypertension and diabetes mellitus and a lower prevalence of ischemic etiology or history of myocardial infarction.
Baseline characteristics of patients with severe HF defined as NYHA class III or IV with LVEF Ͻ0.25 are presented in Table 2 . Compared with men (nϭ612), female patients (nϭ183) were older; had higher systolic blood pressure; were less likely to have ischemia, history of myocardial infarction, or atrial fibrillation; and had a higher prevalence of third heart sound. Mean LVEF was 0.19.
Clinical Events
In women, metoprolol CR/XL reduced all-cause hospitalizations by 19% (0.57 versus 0.46 per patient-year of follow-up; Pϭ0.044), cardiovascular hospitalization by 29% (0.37 versus 0.27 per patient-year of follow-up; Pϭ0.013), and hospitalization for worsening HF by 42% (0.22 versus 0.12; Pϭ0.021; Figure 1 , top panel, and Table 3 ). There were 33 deaths (7.5% per patient-year of follow-up) in the placebo group and 31 (6.9%) in the metoprolol CR/XL group (PϭNS). The incidence of cardiovascular deaths (31 and 27), worsening HF deaths (10 and 5), and sudden deaths (18 and 17, respectively) was not significantly different. Metoprolol CR/XL decreased the combined end point of all-cause mortality/all-cause hospitalization (time to first event) by 21% (164 versus 137 patients; Pϭ0.044; Figure 2 ). In women with severe HF (nϭ183), significant reductions in hospitalizations were also noted. The number of all-cause hospitalizations was reduced by 44% (1.05 versus 0.59 per patient-year of follow-up; Pϭ0.016); cardiovascular hospitalization was reduced by 57% (0.74 versus 0.32; Pϭ0.005); and hospitalization for worsening HF was reduced by 72% (0.54 versus 0.15; Pϭ0.0004; Figure 1 , bottom panel, and Table 4 ). There were 12 deaths in the placebo group and 9 in the metoprolol CR/XL group (PϭNS Pϭ0.001; Figure 2 ). In men with severe HF (nϭ612), metoprolol CR/XL reduced the total number of all-cause hospitalizations by 20% (0.94 versus 0.75 per patient-year of follow-up; Pϭ0.04). Cardiovascular hospitalizations were reduced by 25% (0.71 versus 0.53 per patient-year of follow-up; Pϭ0.01) and hospitalizations for worsening HF by 35% (0.48 versus 0.31 per patient-year of follow-up, Pϭ0.01). There were 60 deaths (20.6%) in the placebo group and 36 (12.4%) in the meto-prolol CR/XL group. Total mortality was reduced by 40% (95% CI 9% to 60%; Pϭ0.015), cardiovascular death (58 versus 32) by 45% (95% CI 15% to 64%; Pϭ0.007), death due to worsening HF (22 versus 11) by 50% (95% CI Ϫ3% Table 3 ). to 76%; Pϭ0.056), and sudden death (33 versus 17) by 48% (95% CI 7% to 71%; Pϭ0.025).
Withdrawal of Study Drug
Permanent withdrawal of study medicine in the placebo and metoprolol CR/XL groups, respectively, occurred in 59 and 52 women for any reason, of these 46 versus 35 patients because of an adverse event, and in 14 and 9 patients because of worsening HF. The mean dose of metoprolol CR/XL in women was 159 mg/d. In women with severe HF, discontinuation of study medication for any reason occurred in 18 versus 12 patients, of these discontinuation due to worsening HF occurred in 7 versus 1 for the placebo group and metoprolol CR/XL group, respectively. In men, permanent withdrawal of study medicine for any reason occurred in 251 patients in the placebo group compared with 227 in the metoprolol CR/XL group; of these withdrawal because of adverse events occurred in 188 versus 161; and withdrawal because of worsening HF occurred in 71 and 55 patients, respectively. In the subgroup of men with severe HF, withdrawal of study medicine for any cause, adverse events, and worsening HF occurred in 68 versus 50, 53 versus 34, and 22 versus 17 patients in the placebo and metoprolol CR/XL groups, respectively.
Effect of Sex on Survival
After adjustment for baseline differences between women and men, the relative risk for total mortality was still significantly lower in women than in men (relative risk in placebo-treated women 0.63, 95% CI 0.43 to 0.91; Pϭ0.015; Figure 3 ). Tests of sex-by-treatment interaction revealed a nonsignificant P value of 0.14 (unadjusted) for total mortality; tests were also nonsignificant for all other end points.
Pooling of Mortality Data From CIBIS II, MERIT-HF, and COPERNICUS
Pooling of total mortality by sex from CIBIS II, MERIT-HF, and COPERNICUS showed very similar and statistically significant survival benefits in women (relative risk 0.69; 95% CI 0.51 to 0.93) and men (0.66; 95% CI 0.58 to 0.75; Figure 4 ).
Discussion
The relatively large number of women enrolled in MERIT-HF provides an opportunity to examine the effect of ␤-blockers in women with HF and impaired LVEF. There was a significant reduction in the primary combined end point of all-cause mortality/all-cause hospitalization and a significant reduction in hospitalizations for worsening HF. The ␤-blocker was well tolerated. Pooling of mortality data from MERIT-HF, CIBIS-II, and COPERNICUS showed similar survival benefits in women and men.
Reduction in Mortality in Women Versus Men
Underenrollment of women in clinical trials has been recognized for a decade, 13, 14 and formal recommendations for adequate representation of women have been incorporated into the National Heart, Lung, and Blood Institute guidelines. 15 In individual trials with ␤-blockers, mortality reduc- tion in women may not be apparent, because women constitute Ͻ21% of those randomized, which limits the number of deaths available for analysis. In MERIT-HF, the point estimate for the mortality reduction in females was 0.92 (64 deaths) compared with 0.61 in men (298 deaths; Figure 4 ). Although 95% CIs for the hazard ratio were widely overlapping between women and men and no statistically significant sex interaction was observed, the question arises whether ␤-blockade more effectively reduces the risk of death in men.
To shed light on this question, sex data for mortality reduction have been illustrated for MERIT-HF, CIBIS II, 2 and COPERNICUS 5 (Figure 4) . In CIBIS II, which was a double-blind trial that randomized 2647 patients with symptomatic NYHA class III or IV HF and LVEF Յ35% to bisoprolol (a ␤ 1 -selective ␤-blocker) or placebo and demonstrated a 34% reduction in all-cause mortality at a mean follow-up of 1.3 years, results opposite from those of MERIT-HF were observed, with a lower point estimate for the mortality reduction in women than in men (0.52 for women versus 0.71 for men). In COPERNICUS, a double-blind trial that randomized 2289 patients with severe HF and LVEF Ͻ25% to carvedilol (a nonselective ␤-blocker with weak ␣-blocking effects) or placebo and demonstrated a 35% reduction in all-cause mortality at a mean follow-up of 10.4 months, the same point estimate for mortality reduction was observed for women and men (0.65 in both sexes). Thus, with the larger number of deaths that the pooled data from the 3 survival studies provide, a very similar survival benefit was noted in women and men.
In the MERIT-HF data, women had a 37% lower risk of dying of any cause than men, even after adjustment for differences in baseline risk factors, which supports previous findings. 11, 16, 17 Some earlier reports, however, suggested that a higher prevalence of nonischemic etiology could explain the difference in survival. 16, 17 Although our data confirm a higher prevalence of nonischemic etiology in women, the fact that the survival advantage of women was significant even after adjustment for baseline differences including ischemic etiology indicates that the survival advantage of women should be explained by other confounders not identified by the measured baseline variables.
Another interesting finding was the absence of a sex effect on hospitalizations. The yearly rate for all-cause hospitalizations was 0.57 per patient-year of follow-up in women and 0.58 in men, with 43% of women and 41% of men being hospitalized at least once. Future studies should address the divergence between the risk of hospitalization and death in women.
Concomitant Treatment With ACE Inhibitors
The combination of the 2 arms of the largest study that proved the efficacy of ACE inhibitors in HF (Studies of Left Ventricular Dysfunction [SOLVD]) provided a total of 980 women, who did not appear to benefit from the ACE inhibitor. 18 An overview of 30 randomized controlled trials of ACE inhibition in patients with HF identified a total of 5399 men and 1991 women who were studied. 19 Significant reductions for mortality and for the combined end point of all-cause mortality and hospitalizations for HF were observed only in men. There was, however, no evidence of a statistical heterogeneity, and the apparent lack of response most likely reflects the small number of women. The proven clinical benefit observed with ␤-blockers in HF has been in patients already receiving optimal treatment with ACE inhibitors. Thus, the beneficial effect of ␤-blockers is in addition to ACE inhibition.
Severe HF
There has been reluctance among many physicians to use ␤-blockers in severe HF because of concern of decompensation and lack of published data about their benefit and safety. The publication of the COPERNICUS data, 5 as well as the outcome of patients with severe HF in MERIT-HF, 11 provided the needed evidence on the safety and efficacy of ␤-blockers in severe HF. Our data demonstrate that in women with severe HF and a mean LVEF of 0.19, metoprolol CR/XL resulted in a 44% reduction in the combined end point of all-cause mortality/all-cause hospitalization, as well as a highly significant reduction in hospitalizations due to worsening HF. Metoprolol CR/XL was well tolerated, as judged by fewer drug withdrawals for HF in comparison with the placebo group and on the basis of data on hospitalizations. 
